ABSTRACT: Predator-prey switching may stabilise predator-prey interactions, promote co-existence of prey that share a common predator, and increase the overall stability of homogeneous systems of interacting species. This study presents an investigation of prey switching of 2 major North Sea fish predators, cod Gadus morhua and whiting Merlangius merlangus. Relative food composition derived from analysis of more than 36 000 stomachs is compared to the relative density of fish prey reflected by trawl survey catches, and generalised linear models are used to examine how prey switching is affected by predator length and prey species and length. Possible effects of stomach sample size and predator density are also investigated. Prey preference is a decreasing function of the relative density of the prey (negative prey switching), in particular for large cod (40 to 100 cm). This was neither the result of variations in stomach sample size, nor of changes in local predator abundance. If not counteracted by compensatory changes in spatial overlap or total food intake, negative switching is likely to destabilise the interactions between cod and whiting and their fish prey.
INTRODUCTION
Understanding how the diet of predators depends on the abundance of their prey is a topic of crucial importance in ecology. The food intake of predators determines energy flow through the ecosystem and may have profound effects on the stability of interacting populations. Predators whose preference for a particular prey increases as a function of the abundance of the prey (positive switching or simply switching; Murdoch 1969) stabilise predator-prey equilibria, permit co-existence of competing prey species, and increase overall stability of spatially homogenous ecosystem models (Murdoch & Oaten 1975 , Pelletier 2000 . In contrast, a predator whose preference for a prey decreases as a function of the abundance of this prey will maintain its diet composition virtually constant irrespective of changes in prey density, and may destabilise trophic interactions by increasing the predation mortality of a prey species whose abundance declines. Decreasing preference at increasing relative prey abundance has been referred to as anti switching or counter switching (Chesson 1978 , Visser 1981 , but in this paper will be called negative switching, as suggested by Chesson (1984) .
Several authors have examined prey switching in the laboratory (Manly et al. 1972 , Murdoch & Oaten 1975 , Visser 1981 , J. Chesson 1984 , Kean-Howie et al. 1988 , P. L. Chesson 1989 . Positive switching has been found when the pursuit of different prey requires different feeding modes or areas , Chesson 1989 , possibly due to the desire of the predator to maximise energy intake per unit time (Murdoch & Oaten 1975) . Positive switching has also, however, been found in situations where no apparent energy gain occurs (Manly et al. 1972) , and a number of switching models have actually been shown to lead to non-optimal foraging (Holt 1983) . Negative switching by aquatic predators has been less frequently reported, but reports of such behaviour do exist (Reed 1969 , cited in Murdoch & Oaten 1975 , Visser 1982 , Kean-Howie et al. 1988 . The explanation for negative switching is largely unknown, but suggestions include the effect of prey actively attempting to avoid the predator when the risk of predation is high (Abrams & Matsuda 1993) , the estimation of mean preference from samples consisting of several individuals with different preferences (Chesson 1984) , the confusion of the search image of the predator by the more abundant prey (Kean-Howie et al. 1988) , and the desire of the predator to maintain a balanced supply of nutrients (Visser 1982) .
The results from laboratory studies of prey switching are often difficult to generalise to natural environments where the density of prey is only one of several factors affecting food intake. The heterogeneity of the environment affects the vulnerability of the prey as do external factors affecting the perceptive abilities of the predator (Townsend & Risebrow 1982 , Lipcius & Hines 1986 , Buckel & Stoner 2000 , Essington et al. 2000 . Furthermore, the physiological state of the predator and the density of other profitable prey may influence predation on the individual prey types (Werner & Hall 1974 , Bence & Murdoch 1986 , Stephens & Krebs 1986 , Hart & Ison 1991 , van Baalen et al. 2001 ). All these factors will interact to produce the response of the predator to changes in prey density. With the possible exception of predator condition, these factors do not, however, depend directly on prey density, and although they may render the relationship between predator diet and prey density more difficult to detect, they should not introduce a bias. The underlying relationship between the predator's diet and prey density should be discernable, albeit with substantial variation surrounding it.
The objective of this paper was to examine whether cod Gadus morhua and whiting Merlangius merlangus in the North Sea exhibit prey switching at the population level through a comparison of their relative food composition in the North Sea and the relative local abundance of their fish prey as observed during bottom trawl surveys. If no switching takes place, the relative contribution of 2 different prey items to the diet should be directly proportional to their relative density in the environment. Generalised linear models were used to examine the effect of predator length, prey length, prey species and relative prey density on the relative diet composition of the predators. The effects of stomach sample size, predator density and different assumptions regarding the relative variance of the diet composition and prey abundance data were also investigated. Murdoch (1969) as a change in preference for Prey i relative to Prey j with the relative density of the 2 in the predator's surroundings, (1) where P i is the number of Prey i eaten, N i is the density of Prey i and c ij is an increasing function of N i N j -1 . Elton & Greenwood (1970) generalised this function to (2) where c 0,ij is the ratio between the 2 prey (i and j ) in the diet when N i = N j , and b is a constant describing the degree of switching. Although this model was originally designed to describe positive switching (b > 1), it is equally suited for describing negative switching, and the model has previously been used to describe both types (Elton & Greenwood 1970 , Kean-Howie et al. 1988 ). If b is >1, the preference for a prey increases with its relative density and the predator exhibits positive switching (Murdoch & Oaten 1975) ; b < 1 generates negative switching (Chesson 1984 , Kean-Howie et al. 1988 , and at b = 1, preference is independent of prey density and no switching takes place. A theoretical example of how the prey ratio in the stomach content changes as a function of the ratio in the predator's surroundings is shown in ) (see Eq. 1); (B) mortality (fraction of prey present eaten by predator) of Prey i, assuming total consumption and abundance of Prey j to be constant as a function of abundance of Prey i ship between prey density and prey mortality is readily derived in the case where density of alternative prey, N j , and total food intake of the predator, P Σ , remain constant. Rearranging Eq. (1), the relationship between density and mortality rate of Prey i becomes
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Prey switching model. Prey switching is defined by
This relationship is shown in Fig. 1B for different values of b.
The estimation of c 0,ij and b in Eq. (2) is straightforward if food intake can be determined for 2 or several prey types at a number of known density combinations. Information about fish density is often collected by bottom trawling, even though the efficiency of this sampling gear is unknown. It is therefore generally assumed that the catch per time unit of a given species and length group taken by the trawl, T i , is directly proportional to its density in the area, N i : (4) where the catchability, q i , of the given fish species and length group is generally assumed to be constant for a given vessel, trawl and hauling time (Quinn & Deriso 1999) . Food intake of fishes in the field is often estimated as the product of the total consumption and the weight percentage of each prey in the stomach contents (Armstrong 1982 , Hawkins et al. 1985 , Seyhan & Grove 1998 : (5) where n i is the number of Prey i found in the stomach sample, -w i is the mean weight of the individual prey in the sample, C is total consumption, h denotes prey type and H is the number of prey types in the diet.
Inserting Eqs. (4) and (5) into Eq. (2) and inserting this into Eq. (1), we get (6) Assuming that catchability and mean weight of prey, which can be assigned to species and length group in the stomachs, are constant within each species and length group, the term (7) can be replaced with the constant d ij , and the relationship between the number of 2 prey items found in the stomach sample and the number caught by the trawl becomes
Taking the natural logarithm on both sides, it is evident that b is identifiable as the slope of the (linear) relationship between ln(n i n j -1 ) and ln(T i T j -1 ):
In contrast to b, the relative preference for a prey, c 0,ij , cannot be determined without knowing the relative catchability of the 2 prey types.
Food composition. Cod and whiting were collected from bottom trawl catches obtained in the first quarter of the years 1981, 1985, 1986 and 1987 and in all quarters of 1991 during the stomach sampling projects coordinated by the International Council for Exploration of the Sea (ICES 1988 , 1989 , 1997 , Hislop et al. 1991 , Kikkert 1993 . On board the vessels, the fishes were sorted into length groups and their stomachs removed. Stomachs from fishes showing signs of regurgitation (Robb 1992) were discarded, and as far as possible replaced by full stomachs in order not to bias the proportion of feeding fish in the samples. To minimise a potential bias introduced by predators feeding in the trawl, prey found in the mouth or pharynx of the predator and very fresh prey found in the stomachs were discarded (ICES 1992) . The stomachs which contained food were pooled into a single sample from each predator species, length group and haul, and preserved in 3% buffered formaldehyde or frozen. In the laboratory, the stomachs were opened and the fish prey identified to species level, counted, measured and weighed. Only information from 4 length groups of cod (30-39.9, 40-49.9, 50-69.9 and 70-99.9 cm) and 2 length groups of whiting (20-29.9, 30-39.9 cm) was used in the present analyses. Other length groups of cod and whiting contained either too few stomach samples or too few fish prey to be included. The resulting food compositions were based on a total of 11 899 cod stomachs and 24 660 whiting stomachs. Further details about the sampling and analysis of the stomach contents are given in ICES (1989 ICES ( , 1991 ICES ( , 1992 ICES ( , 1997 .
We selected 5 frequently encountered fish prey species for analyses of preference: haddock Melanogrammus aeglefinus, herring Clupea harengus, Norway pout Trisopterus esmarkii, sprat Sprattus sprattus and whiting. Prey items < 30 cm were grouped into 5 cm length intervals. Prey items > 30 cm were relatively rare and were not included in the analyses. The length interval used differed between prey species and was 5-25, 10-30, 5-20, 5-15 and 5-30 cm for haddock, herring, Norway pout, sprat and whiting, respectively.
Prey density. The catch per standard trawl haul of the different species and length groups of fish prey obtained during the 'International Bottom Trawl Survey' in the North Sea (ICES 1996a,b) was used to estimate the relative density of prey in each area, year and quarter. An The average number of fishes caught per time unit within each area, T , was estimated by the Δ-estimator, as suggested by Pennington (1983 Pennington ( , 1986 ) by where p is the estimated proportion of the hauls taken in an area at a given time which contained fish of this particular species and size and Ĉ is the geometric average number of fish caught in the hauls where the species and size group was caught in the given area and time. The variance of ln(T ) was estimated as
As only the variance of ln(T ) is required in the following, variance of T was not estimated.
Comparison of prey composition and prey density. Comparison between diet composition and prey density requires information on both stomach contents and trawl catches to be contemporary in time and space. However, as both stomach contents and trawl catches vary considerably between trawl hauls (Pennington et al. 1980 , Pennington 1986 , Stefánsson 1996 , Stefánsson & Pálsson 1997 , comparing the trawl catches of prey with the stomach contents of predators caught in the same haul is likely to produce a relationship which is greatly affected by random noise. Furthermore, the stomachs reflect the food consumption of the predator over a larger temporal scale than the prey abundance estimates derived from short trawl hauls. On the other hand, comparing the two on very large spatial and temporal scales is likely to obscure the relationship, as the predators and prey may not have occurred in the same local areas. As a compromise, it was decided to compare the average trawl catch and stomach contents in each quarter in rectangular areas of 60 × 60 nautical miles (Fig. 2) .
The majority of the stomachs were sampled from the same hauls used to estimate prey density, but some stomachs were obtained from commercial trawlers, and these were not always collected in the same weeks in which the trawl survey took place. We therefore consider the comparison between diet and prey density as one between the average population of prey and predators on a time scale of a few months in an area of 60 × 60 nautical miles, rather than an instant picture of the response of the predator to changes in prey density. Hence, the results will be relevant for characterizing population interactions, but cannot be used to determine the underlying biological mechanisms acting at the local scale.
The ratios between the various prey species length groups in the diet were calculated from the total number of prey items encountered in stomachs sampled in each area at a particular year and quarter. When ratios are examined, the ratio n j :n i is given by the ratio n i :n j , and including both in an analysis is not appropriate. To avoid this, the analyses were performed separately for each denominator species size group (Prey j), referred to as reference species in the following. As the spatial distribution of prey differs between species, and the size of prey eaten depends on the size of the predator, it was necessary to use more than one reference species and size to ensure that the observations covered all areas of the North Sea and all predator size classes. Accordingly, the 6 most frequent length groups of the prey species were chosen as reference groups (j's). These consisted of Norway pout length groups 7.5, 12.5 and 17.5 cm and whiting length groups 12.5, 17.5 and 22.5 cm (midpoints of 5 cm intervals), and thus covered both northern (Norway pout) and more southern (whiting) prey. The number of individuals recorded for length groups of other prey species was expressed relative to the number of prey items recorded in these groups. When a prey group was either not found in any of the stomachs sampled or not present in any of the trawl hauls from an area, the data point was omitted. To ensure that no estimate of slope and intercept was based on less than 10 observations, only combinations of prey, reference and predator species and sizes for which more than 10 data points was obtained were retained for further analyses. The ), an estimate of the variance of this was estimated as Estimation of parameters. Generalised linear models (McCullaugh & Nelder 1989) were used to estimate the parameters in Eq. (9). These models allow differences in slopes and intercept between (e.g.) predators to be tested for statistical significance. In full notation the basic generalised linear model can be written as: (10) where ref is reference species and length (equivalent to j in the above equations), l is length, p is predator species, k = ln(d ) and ε is a normal distributed error term.
If the stomachs collected from a given haul are independent subsamples of the diet composition, the variance of the prey ratio should decline with the number of stomachs sampled in an area. Stomachs sampled from individual predators caught in a particular haul cannot, however, always be considered to be independent subsamples of the predator population, as within haul variation is often much less than between haul variation at a certain time and place (Warren et al. 1994 , Bogstad et al. 1995 , Darbyson et al. 2003 . Nevertheless, as stomach contents are highly variable (Pennington et al. 1980) , and as a single stomach is likely to contain less information about the diet composition than several stomachs, we decided to weight each data point with the number of stomachs sampled in the area at the given time. The parameters in the general linear model were estimated separately for each of the 6 prey reference groups. It was tested whether the parameter b differed significantly between prey and predator species and sizes by analysing the significance of both direct and first and second order interaction effects of prey and predator species and sizes on the slope of the regression. Further, the significance of the effects of prey and predator species and size and first, second and third order interaction effects between these on the parameter k were estimated. Due to the limited overlap between the predator length groups of cod and whiting, interaction effects between predator species and predator length group could not be examined.
Effect of variance of trawl catches.
The regression analyses performed in this study are based on the assumption that the independent variable x is known without error. However, if the independent variable has error attached to it, the ath observed value of x, x a , is the sum of the true value, τ a , and the error attached, δ a . Such error may lead to a bias in the estimate of b (Draper & Smith 1981) . Assuming the covariance between τ and δ to be zero, the size of this bias can, however, be estimated as where and σ τ and σ δ denote the standard deviation of τ and δ, respectively (Draper & Smith 1981) . In the present study, both the independent variable (ln[T i T ref Effect of number of stomachs in sample. The estimates of b could potentially be biased by averaging the food intake of a number of predator stomach samples. Chesson (1984) demonstrated that negative switching could arise as a mathematical artefact caused by pooling diet data from predators which differed in their individual prey preferences. Thus, even though the individuals do not exhibit switching, pooling them in the analysis could introduce negative switching at the population level. A separate analysis was therefore performed to investigate if the estimates of k and b depended on the number of stomachs in each sample. The basic model in Eq. (10) was modified slightly to allow a log-linear effect of number of stomachs in the sample on k and b: 
where ns p,l(p) is the number of stomachs sampled in the area at the given time and s and sb are additional parameters to be estimated in the model. The factors tested for effects on k and b were the same as in the basic model. The s and sb parameters, describing the effect of number of stomachs in the sample on intercept and slope (b) of the model respectively, were assumed to be constant within each reference group, and no interaction effects were tested; 1 analysis was performed for each reference as described above. To avoid spurious correlations, observations were not weighted by the number of stomachs in the sample.
Effect of predator density. Predators may interfere with each other's feeding, as they spend an increasing amount of their time chasing conspecifics or as an increased predator density causes prey to spend a greater proportion of their time in refuges and shelters (Gillis & Kramer 1987 , Abrams & Matsuda 1993 , Walters & Juanes 1993 . Alternatively, the efficiency of the individual predators may improve when they forage in a group as compared to foraging individually (Major 1978 , Pitcher et al. 1982 . The former effect produces 'undermatching' of the predator to the resources and would produce negative switching. The degree of undermatching and hence negative switching should increase with increasing predator density (Gillis & Kramer 1987) . Increased efficiency at high predator densities should, in the absence of predator interference, lead the predators to forage together on the most abundant prey (Stephens & Krebs 1986 ). This could lead to a positive relationship between the degree of switching and predator density. In order to reveal if any of these hypotheses were likely to describe the interactions between predators at high densities, the relationship between local predator density and the slope, b, was examined. This was done by including the number of predators as a variable in the model. The model was similar to the model used to investigate the effect of the number of stomachs in the sample, except that the number of stomachs was replaced by the average catch of the predator species, np, in the area where the stomachs had been collected:
Factors tested for effects on k and b were the same as in the basic model. The parameters r and rb, describing the effect of predator density on intercept and slope (b) of the model, respectively, were assumed to be constant within each reference group, and no interaction effects with these were tested. A separate analysis was performed for each reference group and the number of stomachs in each sample was used to weight the observations.
Statistical analyses. All tests were performed with a significance level of α = 0.05 using SAS ® Version 8 for Institute 1989) . Factors, which did not have a significant effect (F-test) were removed from the models. Residuals were tested for significant difference from a normal distribution (Shapiro-Wilks statistic) and plotted against the predicted values and against the independent continuous variables.
RESULTS
Basic model
The common slope b was highly significant for all reference fishes (p < 0.0001). In 3 cases, either prey, predator length or both affected the slope significantly, while no significant cross-effects were found for the remaining 3 reference fishes. After insignificant factors had been removed, the model explained between 28 and 54% of the variation of the data for the 6 reference size- (Table 1) . Selected examples of the relationship between log stomach content and trawl catch ratios are shown in Fig. 3 . Approximately 20% of the total variation in the relative stomach content was explained by the relative survey catch alone for all reference fishes (Fig. 4) . Because the significant effects were not the same for all reference fishes, it was difficult to compare the parameter estimates. However, the 95% confidence limit of the switching coefficient (ignoring interaction effects) had a maximum value of 0.390 and a minimum of 0.081, corresponding to significant negative prey switching by both predators ( Table 1 ). The variance of the residuals was expected to decrease with increasing number of stomachs sampled in an area as the random variation in food composition should decrease with increasing sample size. This was far from being the case (Fig. 5) . Rather, the variance of the residuals was largely constant irrespective of sample size. Inspection of residuals as a function of ln(T i T ref
) revealed no trends which could indicate that the switching model used in the present study provided an inadequate description of the data (Fig. 5) . The distribution of the residuals differed significantly from a normal distribution only for the reference Norway pout of 7.5 cm.
Effect of variance of trawl catches
The bias introduced by the error in trawl catches was minor (Table 1 ). In no case was the bias large enough to suggest that the confidence limits of the true value of b would include 1.
Effect of number of stomachs in sample
The number of stomachs in the sample had a positive effect on the slope, b, for all reference fishes, but the effect was only significant for the Norway pout specimens (Table 2 ). In those cases where the effect was significant, the slope increased by 0.091 on average each time the natural log to the number of stomachs in the sample increased by 1. The generation of a slope equal to 1 would hence theoretically require more than 180 000 stomachs in a single sample. At the observed mean and maximum sample size (20 and 99 stomachs, respectively), the slopes were 0.297 and 0.442 (0.091ln (20) and 0.091ln(99), respectively, where 0.091 is the average sb between the 3 Norway pout references). 
Effect of predator density
Although predator density had a positive effect on b in all cases, none of the reference fishes were significantly affected by this factor (Table 2) .
DISCUSSION
Negative switching was found in all the analyses in this study. This result is in agreement with a preliminary study by Larsen & Gislason (1992) , who compared the food composition of North Sea cod and whiting with model-based population estimates of their fish prey and found that a food selection model with negative switching provided the best fit to the data. In their analysis, the minimum of the squared deviation between estimated and observed food compositions of cod corresponded to a b of around 0.5, whereas the squared deviation for whiting continued to decline as the switching parameter was decreased to a b of 0.4, the lowest value tested. Similarly, with 1 exception, analyses of the feeding of gadoid species in the Celtic Sea did not reveal significant positive correlations between the proportion of prey in the diet and the abundance of this prey (Pinnegar et al. 2003) , the result expected if the predators exhibit negative switching.
Although reports of negative switching are uncommon in the literature, Visser (1981) and Kean-Howie et al. (1988) found negative switching in 3-spined sticklebacks Gasterosteus aculeatus feeding on small invertebrates and fish larvae, and Reed (1969 , cited in Murdoch & Oaten 1975 ) observed a weak tendency to negative switching in bluegill sunfish Lepomis macrochirus feeding on insect larvae. Other authors have examined the presence or absence of positive switching in bluefish Pomatomus saltatrix and 3-spined sticklebacks, and although the authors do not conclude this directly, a closer examination of their results actually reveals negative switching (Gotceitas & Brown 1993, Buckel & Stoner 2000) . From values in Fig. 3 of Buckel & Stoner (2000) and in Fig. 4 of Gotceitas & Brown (1993) , estimates of b of around 0.6 and 0.4 for bluegills and sticklebacks, respectively, can be derived. There may be numerous explanations for the negative switching observed in the present study. Firstly, the results may reflect a genuine biological effect of increased relative prey density such as changes in the prey preferences of the predator or in predator-prey encounter rates. Decreased preference for the most abundant prey was suggested by Kean-Howie et al. (1988) to be a result of interference by the most abundant, but less preferred, prey in the predator's search at high prey densities. However, as juvenile gadoid prey do not differ extensively in appearance, the theory of confusion of the predator's search image is probably unlikely to provide the explanation of the present results. Another biological effect which may cause decreased preference for the most abundant prey is changes in prey behaviour as the prey attempts to reduce the encounter rate in situations where predation risk is high (Abrams & Matsuda 1993 , Walters & Juanes 1993 . However, as no evidence was found to suggest a negative correlation between b and predator densities and hence mortality risk, this explanation is unlikely to apply in the present case. Similarly, pooling predator individuals with different preferences in the samples tended to increase b and did not appear to cause negative switching, as suggested by Chesson (1984) . The positive correlation between sample size and b may be an effect of the limited stomach volume of the predator. A saturated predator will attain a maximum prey ratio determined by the maximum number of prey individuals its stomach can contain, and this will tend to lower the slope. As increasing the number of stomachs will increase the potential number of prey items in the sample, sample size would have a positive effect on the slope by increasing the maximum ratios observed. Lastly, if prey vulnerability decreases as prey density increases, this will lead to negative switching, as the encounter rate of the prey and individual predator will not then be proportional to the density of the prey. If prey, therefore, tend to be less vulnerable at high densities, perhaps due to the formation of larger schools or shoals, the predator will exhibit negative switching although no changes in prey preference occur.
An important assumption in the present study is that trawl catchability is independent of density. Although increasing catchability with abundance has been reported for larger (> 30 cm) cod and haddock (Godø et al. 1999) , these 2 species were rarely encountered in the stomachs at lengths > 30 cm. The bias introduced by the error around trawl catch ratios was found to be a minor problem, not nearly large enough to cause the degree of negative switching seen here. The individual stomachs did not appear to be independent subsamples of the prey ratios, as the variance of the residuals did not decrease as expected with an increasing number of stomachs sampled (Fig. 5) . Most probably this was caused by intra-haul correlation (Bogstad et al. 1995 , Darbyson et al. 2003 . However, weighting tended to decrease the estimate of b only slightly compared to the unweighted estimate (compare the estimate obtained in the basic model (weighted) with that obtained in the model examining the effect of the number of stomachs in the sample (unweighted)).
The scale at which food intake and prey density should be compared has been discussed by several authors (Rose & Leggett 1990 ). In our study, the scale was far greater than the perceptive abilities of the predators, and it is unlikely that all prey were available to all predators. However, the implications of the results for the population interactions between the predators and their prey are unaffected by the underlying mechanisms which produce negative switching. Furthermore, we arrived at essentially the same results if we combined the data on larger spatial scales (8 subareas of the North Sea, results not shown). Hence, although the assumptions made during this study may not all have been fulfilled, relaxing them within a reasonable range does not alter the conclusion that negative switching seemed to be the dominant response.
Positive switching generally stabilises otherwise unstable predator-prey equilibria, promotes coexistence of competitors, and increases the overall stability of linked predator-prey population models (May 1977 , Abrams & Matsuda 1996 , Pelletier 2000 , although recent studies of models in which the predators utilise adaptive diet selection (Abrams 1999) or optimal foraging strategies (van Baalen et al. 2001) have shown that this may not always be the case. Predators exhibiting negative switching will act in the opposite way. The diet composition of such predators will change comparatively little in response to changes in the relative abundance of their prey. If changes in the total food intake of the predator or in the overlap between the predator and the prey do not compensate for this, the predation mortality experienced by a particular prey group will increase when its abundance decreases. In fish populations, a small year class should thus suffer a higher predation mortality than a large year class. This seems to run contrary to the results obtained by field studies of marine fish populations. Myers & Cadigan (1993) compared survey indices of year class strength for a large number of demersal fish stocks and found evidence of higher total mortality of large than of small year classes. Similar observations have been made for plaice Pleuronectes platessa (Lockwood 1980) , coastal cod Gadus morhua (Bjørnstad et al. 1999 ) and 2 species of gobies, Coryphopterus glaucofraenum and Sagamia geneionema (Forrester 1995 , Sano 1997 ) among others. Most authors suggest that predation would be the primary contributor to density dependent mortality for marine fishes (van der Veer et al. 1991 , Forrester 1995 , Sano 1997 ). This does not agree with the food selection model found here, unless the direct response of the predators is counteracted by compensatory changes in spatial overlap and total food intake, or density dependence regulates only younger stages which have not yet settled to the demersal layer. Hence, although the biological mechanisms which lead to negative switching remain to be determined, the present results render it highly unlikely that demersal prey selection alone is responsible for the persistence and apparent stability of the North Sea fish community throughout most of this century (Greenstreet & Hall 1996) . How negative prey switching, changes in total food intake, and changes in the spatial distribution of predators and prey jointly affect of the North Sea fish community remains to be determined.
